Idiopathic synesthesia, a neurological condition in which a stimulus in one sense generates a concurrent experience in a different sense, is often considered an example of multisensory integration. Consequently it has been suggested that synesthetes should experience multisensory illusions more consistently and compellingly than typical participants. To test this we measured the sound induced flash fission and fusion illusions in 22 coloured hearing synesthetes and 31 control participants. Analysis of the data using signal detection analysis, however, indicated no difference between the groups, either in perception or response bias, but a secondary analysis of the data did show evidence of a decline in the illusions for synesthetes with increasing age.
Introduction
Idiopathic synesthesia, a neurological condition in which a stimulus in one sensory modality generates a concurrent experience in a different sensory modality, is often considered an example of enhanced multisensory integration (Goller, Otten, & Ward, 2009; Maurer & Mondloch, 2006; McCormick & Mamassian, 2008; Spector & Maurer, 2009) .
In this paper we test the hypothesis that idiopathic synesthetes are more susceptible to multisensory illusions by testing coloured hearing synesthetes and controls using the sound induced flash illusion (SIFFI) (Shams, Kamitani, & Shimojo, 2000) . Several researchers have linked synesthesia to the SIFFI implying that the illusion may detect differences between adult synesthetes and controls in cross-sensory processing (Goller, Otten, & Ward, 2009; Hubbard, 2008; McCormick & Mamassian, 2008; Spector & Maurer, 2009 ). The ''Failed Differentiation'' model of synesthesia Maurer and Mondloch (2005) for example argues that adult synesthesia may be a remnant of the undifferentiated cortex of infants, possibly due to a failure of neural pruning or inhibition in development. This lack of differentiation consequently makes it difficult for young children to disambiguate a multimodal event into its separate modalities (Spector & Maurer, 2009 ). The argument posits that failed differentiation results in direct multisensory pathways. Similarly, and argue on the basis of both psychophysical and fMRI studies, that synesthesia is the result of cross-activation between different cortical areas. attribute this to ''a failure of pruning of peri-natal connections''. There is also some support from ERP studies for the hypothesis that there are differences in early stage processes of sensory integration between synesthetes and controls. Beeli, Esslen, and Jancke (2008) , for example, show differences in the ERP waveforms of synesthetes and controls to words, pseudo words and letters as early as 122 ms after stimulus onset in both auditory and colour areas. Barnett et al. (2008) have also shown that there are early ERP waveform differences in linguistic colour synesthetes at 65-85 ms after the onset of noninducing stimuli. The pattern of data is particularly compelling because it suggests that there are differences in the visual processing of synesthetes in areas such as V1 and V2. Finally, Goller, Otten, and Ward (2009) presented brief tones to auditory-visual synesthetes (those who experience synesthesia for non-linguistic auditory stimuli) and controls and found that differences in auditory evoked potentials between the groups emerged as early as 100 ms after the onset of the tone. Taken together these results suggest that synesthesia can be the result of early processing differences related to multimodal integration. If synesthesia then is http://dx.doi.org/10.1016/j.visres.2014.08.010 0042-6989/Ó 2014 Elsevier Ltd. All rights reserved. the result of failed differentiation for example, then synesthetes, like children, would be more susceptible to the SIFFI than controls.
However, there is contradictory evidence which supports the theoretical position that synesthesia requires later stage sensory integration. A number of studies have shown that synesthesia requires attention to the synesthetically inducing stimuli or is influenced by attending to the synesthetic inducer (Dixon et al., 2006; Rich & Karstoft, 2013; Sagiv, Heer, & Robertson, 2006; Smilek et al., 2002) . In one of the first multisensory integration studies of synesthetes, Bargary et al. (2009) used the McGurk effect in linguistic synesthetes to investigate the multisensory nature of synesthesia. In the McGurk effect, visual cues (lip movements) affect the perception of words or phonemes when spoken. Using this phenomenon, Bargary and colleagues demonstrated that the colours elicited by the heard words were determined by the perceived words, not spoken words. They concluded that synesthesia is elicited by late perceptual processing and that coloured speech synesthesia occurs only after ''a significant amount of information processing has occurred''. This finding supports the earlier work of Dixon et al. (2006) who showed that the meaning (not the physical form) of a graphemic stimulus is pivotal in determining its colour. Synesthetes themselves report that attention often influences their experience. For example, a synesthete may report a certain colour for a piece of music when played by another (passive listening), but may report a different colour if they are playing that piece of music themselves. Further, a piece of music, may be one colour when heard, but when identified as being played in a particular key (such as the key of C) moves to the colour usually belonging to the letter of that key when listening (e.g. C). This suggest that higher level multisensory integration may be required to elicit synaesthesia, or at the very least that synesthesia as experienced, can be attenuated by late stage attentional processes.
Multisensory illusions such as the SIFFI, which occur early in perception, provide a unique opportunity to further interrogate the debate surrounding the locus of synesthesia. The sound induced flash illusion is a simple cross sensory illusion. It is produced by presenting tones and flashes simultaneously. In contrast to the McGurk effect, audition biases vision. One flash accompanied by two tones but perceived as two flashes is termed a fission illusion -in essence, one flash splits into the perception that there are two flashes. Conversely, two flashes accompanied by one beep but perceived as one flash is termed a fusion illusion -the 2 flashes fuse into the perception of one flash (Andersen, Tiippana, & Sams, 2004 , 2005 Mishra, Martinez, & Hillyard, 2008; Shams, Ma, & Beierholm, 2005; Watkins et al., 2006) . These illusions can be tested together in the same experiment by manipulating the number of flashes and beeps presented on each trial within a block. In this paper, the illusions are jointly referred to as the sound induced fission and fusion illusions (SIFFI).
Two studies have used the SIFFI to examine differences between synesthetes and controls. Brang, Williams, and Ramachandran (2012) found that synesthetes report the presence of the SIFFI more often than controls. With a sample of 7 grapheme colour synesthetes, using a variation of the traditional SIFFI experiment in which a temporally different control condition is used to measure differences in response accuracy and a reduced set of stimuli than that reported in this paper, the authors found that synesthetes had reduced accuracy in only the fission illusion condition of their experiment. Contrary to this, Neufeld et al. (2012) examined a larger number of synesthetes (n = 18) and age matched controls and found the reverse situation in the fission illusion condition. Synesthetes perceived fewer fission illusions compared to controls. Neufeld et al. (2012) found that both groups experienced the fusion illusion equally. A set of explanations for the conflicting results across both studies were offered by Neufeld et al. (2012) . These included different synesthesia subtypes being tested between the studies, different types of synesthetes (associators vs. projectors), differences in study design and instructions and age differences between the samples in the respective studies. Each is worth considering. It is well known that group effects in synesthesia research are subject to confounds introduced because of heterogeneity across synesthetes -even within the same type of synesthesia . This is difficult to control for between studies. Moreover many synesthetes have more than one form (Day, 2005) making exclusion of one type or selection for only one type difficult in a larger sample. There are likely to be differences across these studies, attributable to participant level variations, (including our own) that limit the generalizability of results or the comparability between them.
The possibility of differences in study design and instructions is also a viable explanation, however the SIFFI has been shown to be reliable across many different methods and many different types of instructions for example: (Andersen, Tiippana, & Sams, 2005; Apthorp, Alais, & Boenke, 2013; Shams, Ma, & Beierholm, 2005; Zhang & Chen, 2006) . It is difficult to conceive of a situation where minor variations in instructions would give completely opposing results.
A compelling explanation offered by Neufeld et al. (2012) is that the age of participants is driving the differences between resultsspecifically that reporting of the illusion decreases with age in synesthetes. The Neufeld et al. (2012) sample shows a mean age of 34.8 years whereas the Brang, Williams, and Ramachandran (2012) sample shows a mean age of 20.1 years which is a considerable difference. In general, increased multisensory integration is seen in older people over younger ones (Laurienti et al., 2006) , such that we could expect a decline in sensitivity to the illusion with age, and one in which idiopathic synesthetes, who are likely to be more sensitive to the illusion, would show a marked decline compared to controls. Idiopathic synesthesia is considered to be a developmental condition and if age is a factor, plasticity would be the likely underlying explanation. There are no studies specifically examining age effects on the fission and fusion illusion conditions in either control or synesthete samples. It is therefore of interest as a secondary analysis in our study. Finally, it is also possible that different types of analysis could account for differences between studies. Concerns that the illusions are the result of criterion shift (response bias) rather than any actual effect of the illusion have been expressed by researchers previously (McCormick & Mamassian, 2005) . Brang, Williams, and Ramachandran (2012) argue that their use of the double flash control condition (two beeps followed by a flash after 300 ms) controls for response bias. Neufeld et al. (2012) argue similarly that since there were no group differences in their 1 flash 0 beep condition that there was no response bias. Signal detection theory (SDT) offers us an alternative approach to resolving this criticism; it measures the responses of participants in both baseline and illusion conditions. Measures of subjective signal strength and any response bias which may be present are inferred. We utilise both the traditional SIFFI method and SDT in our methodology to be certain that any effect we see in response accuracy is not a result of response bias. SDT analysis of the SIFFI in normal populations has been previously conducted by Andersen, Tiippana, and Sams (2004) and our study makes use of the same criterion for analysis while providing a useful replication and comparison.
Our hypotheses therefore are: that synesthetes will be more susceptible to the SIFFI than controls as measured by subjective signal strength (d 0 ) rather than average response accuracy and that our secondary analysis investigates whether the number of reported illusions decreases with age, particularly for the synesthete group -in line with the suggestion of Neufeld et al. (2012) , and by inference as expected from the arguments espoused by Spector and Maurer (2009).
Method

Participants
Twenty-two synesthetes (21 linguistic-colour, 1 sound-colour; 7 men, mean age: 23.6 years; range 19yo to 42yo) and thirty-one control participants (12 men, mean age 23.0 years; range 19yo to 42yo) undertook this experiment. One control participant's data were excluded due to computer error in the presentation of stimuli. There was no significant difference between the ages of the two groups (t(50) = 0.346, p > 0.73).
All synesthete participants reported coloured hearing, following Beeli, Esslen, and Jancke's (2008) definition: ''persons who see colors when hearing words or sounds''. 32% of synesthetes in our sample reported coloured concurrents to pure auditory (non-linguistic) stimuli. Several participants also reported concurrents other than colour for heard sounds.
To ensure that there were no linguistic colour synesthetes in our control sample all participants completed a test of genuineness for synaesthesia; the Grapheme Colour Association Test (GCAT) (Eagleman et al., 2007) . We also debriefed control participants about synesthesia and asked if they had any such experiences. None reported any synesthesia. There was a significant difference in the GCAT scores between the groups with the linguistic colour synesthetes (N = 20, M = 0.73, S.E. = 0.07) achieving more accurate colour match consistency scores than controls (N = 30, M = 2.027, S.E. = 0.15), t(50) = 7.02, p < 0.001.
Synesthete participants were drawn from a variety of different sources, via media, internet and the large psychology student pool. All synesthete participants were either volunteers (N = 12), reimbursed for their time in accordance with the university policy (N = 2) or received course credit for their time involved (N = 8). All but one control participant received course credit for their time, the remaining control participant was a post-doctoral researcher at the university. All participants gave informed consent and the study was approved by the Human Research Ethics Committee of the University of Sydney in accordance with the Code of Ethics of the World Medical Association (Declaration of Helsinki) for experiments involving humans.
Stimuli and procedure
We used the stimulus configuration of Andersen, Tiippana, and Sams (2004) , similar to those of Shams, Kamitani, and Shimojo (2000) . However the duration of the stimulus and its synchrony differed from these experiments.
Participants sat in an unlit sound attenuated room. Visual stimuli were presented on a Sony Trinitron G620 CRT monitor at a refresh rate of 100 Hz. The monitor was 70 cm in front of the participant. Participants used a chin rest to maintain a constant distance from the screen. Before each block, participants were reminded to keep their head placed on the chinrest and to maintain gaze on a fixation cross in the centre of the screen.
Stimuli were flashes and beeps. A flash was a complete white disk. The disk luminance was 91 cd/m 2 on a black background which had a luminance of 0.23 cd/m 2 . The duration of each flash was 10 ms. The diameter of the disk was 2 deg of visual angle and it was positioned 5 deg below the fixation cross. Auditory stimuli were beeps of sine-waves constructed in Goldwave v5.23 with a frequency of 3500 Hz and duration of 10 ms. The beeps were 56 dB(A) at source, and was presented through Digitor brand headphones. Control stimuli were one, two or three flashes presented without sound. The audiovisual stimuli were the nine combinations of the three auditory and the three visual stimuli -see Fig. 1 . Stimuli were always presented synchronously. We verified this with an oscilloscope.
The twelve stimulus combinations that are presented in this experiment are illustrated in Fig. 1 .
In the audio visual condition the first beep and flash were delivered simultaneously. Subsequent flashes were presented 60 ms after the end of the preceding flash. Subsequent beeps were also presented at this time; hence the second beep and flash were synchronous. Fig. 2 shows the trial procedure for a 3-beep-3-flash condition. The other conditions are derived simply by removing one or more of either the beeps or flashes presented, as necessary. For example; in the fission illusion condition the first flash (top row) is presented simultaneously with the first beep (bottom row), then is followed by the second beep (bottom row) of Fig. 2 . Trials were automatically advanced 1 s after the previous response was entered. Participants initiated the first trial using the space bar to start the block.
Participants indicated the perception of one, two or three flashes using the digits ''1'', ''2'' or ''3'' on a keyboard. Each block was composed of 10 presentations of each stimulus presented in pseudo random order, making a total of 120 trials. Participants across both groups completed either three or five blocks. Controls completed 4.7% fewer trials, however there was no significant difference between the groups in the number of blocks completed t(50) = 0.82, p > 0.41. In each block participants were instructed to count only the flashes and to ignore the beeps. Averages were calculated for each response of 1, 2, 3 for each condition over the blocks completed. Fig. 3 shows the raw data; the percentage of times the participants perceived one, two or three flashes, across all conditions.
Results
Raw data
There is no obvious difference between the two groups. Participants were very accurate when presented with equal numbers of flashes and beeps, obtaining over 70% accuracy in these conditions. In the 1 flash 2 beep (i.e. fission) trials, synesthete participants reported an illusory perception of two or more flashes on 57% of trials and control participants on 64%. These rates of illusion are not significantly different from one another (t(50) = 0.83, p = 0.41) and are similar to the 62.6% for control participants in the study of Brang, Williams, and Ramachandran (2012) and approximately 53% in the study of Neufeld et al. (2012) . However, the synesthetic participants in the study of Brang, Williams, and Ramachandran (2012) showed a much higher rate (89.5%) of illusory fission in 1 flash 2 beep trials than either group in our study and the synesthete participants of Neufeld et al. (2012) showed a much lower rate (approximately 40%).
In the 2-flash-1-beep (i.e. fusion) condition synesthete participants reported the illusion on 51% of trials and control participants on 54%. Again, there was no significant difference between the groups (t(50) = 0.353, p = 0.73). This replicates the finding of Watkins et al. (2007) with non-synesthetic observers, although we see a stronger illusion overall, and also the observation of both Brang, Williams, and Ramachandran (2012) and Neufeld et al. (2012) that synesthetes and controls had similar response patterns in this condition.
Next we perform SDT analysis of the data to isolate perceptual effects from response bias.
Fission illusion
SDT analysis
We implemented the SDT analysis as follows for the fission illusion. The 2 flash stimulus was taken as the ''signal'' and 1 flash as ''no signal''. Correspondingly, a response of 2 (or 3) flashes was taken as a ''Yes'' and a response of 1 was taken as a ''No''.
Baseline performance was assessed in no-beep conditions. In the 2-flashes-no-beep condition responses of 2 or 3 were designated as a hit and response of 1 was regarded as a miss. In the 1-flash-no-beep condition a response of 2 or 3 was designated as a false alarm and a response of 1 was designated as a correct rejection. Analysis of the fission illusion involved comparison of conditions with 2 beeps. In the 2-flashes-2-beeps condition a response of 2 or 3 was designated a hit and a response of 1 was designated a miss. In the 1-flash-2-beeps condition a response of 2 or 3 was regarded as a false alarm and a response of 1 was regarded as a correct rejection. This convention is consistent with the approach of (Watkins et al., 2007) . Fig. 4 shows the results of this analysis.
For controls d 0 declines from 1.92 in the baseline condition to 1.08 in the illusion condition, a significant difference t(29) = À5.22, p < 0.001. For synesthetes d 0 drops from 2.06 in the baseline condition to 1.49 in the illusion condition also a significant difference (t(21) = À3.23, p < 0.001). Thus, both groups are less sensitive in discriminating 1 vs. 2 flashes when there are two beeps than when there are none. The groups do not differ in their level of sensitivity to the illusion (synesthetes: N = 22, mean d 0 difference = À0.59, S.E. = 0.17, controls: N = 30, mean d 0 difference = À0.84, S.E. = 0.16), t(50) = 1.13, p = 0.27.
We examined the change in criterion values, which we define as the average of the hit rate plus false alarm rate. Changes in criterion for both groups from illusion to baseline condition are present, decreasing from 0.77 to 0.38 for controls and from 0.75 to 0.39 for synesthetes. Thus, both groups are more likely to report that there are two or more flashes when there are two beeps than when there are none. This is a similar decline to that reported by McCormick and Mamassian (2008) but contradicts Watkins et al. (2006) who saw no such shift.
The response bias (calculated as the rate of 'Yes' responding, i.e. average of Hit Rate and FA rate) is larger in the illusion condition than in the baseline condition for both controls (t(29) = 9.52, p < 0.001) and Synesthetes (t(21) = 8.17, p < 0.001). The groups do not differ in the extent of this criterion shift (synesthetes: N = 22, M = 0.36, S.E. = 0.04; controls, N = 30, M = 0.39 S.E. = 0.04), t(50) = 0.61, p = 0.55.
Secondary analysis for age effects
We tested for a simple correlation between age and d 0 and age and response bias (calculated as the rate of 'Yes' responding, i.e. average of Hit Rate and FA rate) in both the illusion and baseline conditions for both groups. Neither group showed a significant age related effect for d 0 (both p values >0.05) or response bias (both p values >0.05) in the base line condition. Neither group showed an age related response bias (both ps > 0.05) in the illusion condition. However, synesthetes show a strong positive correlation (r = 0.541, p < 0.009) between age and d 0 in the fission illusion condition whereas controls show no such correlation (r = 0.120, p > 0.529). A graph depicting the regression is shown below Fig. 5 .
Alone this appears to show an obvious difference between groups. However, a large correlation is not sufficient for confidence of a difference at the group level. For conservativeness, to test whether there was a significant difference between the 2 groups, we calculated a beta value for each, subtracted the differences between beta values and calculated the proportion of times the beta value was larger than 0, which is consistent with the hypothesis that synesthetes would show a decline in illusion with age. In essence we calculated a p value for the likelihood of slope differences (synesthetes greater than controls) being larger than 0. We performed 10,000 bootstraps (random resampling with replacement (Efron & Tibshirani, 1993) ) in MATLAB and determined a value of p < 0.029 (one tailed) confirming that compared to controls, synesthetes reporting of the fission illusion declines with age.
Fusion illusion
SDT analysis
The SDT analysis was encoded as follows for the baseline: In the 1-flash-no-beep condition a response of 1 was regarded as a hit and responses of 2 or 3 were designated misses. In the 2-flashes-no-beep condition a response of 1 was designated a false alarm and a response of 2 or 3 designated correct rejections.
The SDT analysis was encoded as follows for the fusion illusion condition: In the 1-flash-1-beep condition a response of 1 was designated a hit and responses of 2 or 3 were designated misses. In the 2-flashes-1-beep a response of 1 was designated as a false alarm and responses of 2 or 3 were designated correct rejections. Small changes in response bias are seen decreasing from 0.71 in the baseline condition to 0.62 in the illusion condition for controls and from 0.70 to 0.61 for synesthetes. The response bias present was smaller in the illusion condition than in the baseline condition for both synesthetes (t(21) = À3.01, p < 0.001) and controls (t(29) = À3.85, p < 0.001). Thus, both groups are more likely to report that there is only one flash when there is one beep than when there is none. The groups do not differ in the extent of their criterion shift (synesthetes: N = 22, M = 0.09, S.E. = 0.03; controls: N = 30, M = 0.08, S.E. = 0.02), t(50) = 0.07, p = 0.94.
Secondary analysis for age effects
Again we tested for a simple correlation between age and d 0 and age and response bias in both the fusion illusion and baseline conditions for both groups. Neither group showed a significant age related effect for response bias in either the baseline or illusion conditions (all p's > 0.05). In the fusion illusion condition Synesthetes show a moderate positive but not significant correlation (r = 0.322, p > 0.144) between age and d 0 whereas controls show a weak negative but not significant correlation (r = À0.209, p > 0.267). A graph depicting the regression is shown below Fig. 7 .
Again this appears to show a difference between groups. For the fusion illusion we conducted the same bootstrap analysis described earlier and determined a value of (p < 0.015) (one tailed). Thus, compared to controls, synesthetes' reporting of the fusion illusion declines with age.
General discussion
Synesthesia is thought to reflect atypical multimodal processing; particularly, information from different modalities is more deeply integrated than in typical participants. We hypothesised that synesthetes would exhibit stronger SIFFI than typical nonsynesthete controls. We measured the SIFFI in controls and coloured hearing synesthetes. We analysed the data using SDT to partition both perceptual differences and responses biases. We found no significant difference between the coloured hearing synesthetes and the control group. There is no evidence that synesthetes perform any differently to controls in either the fission or fusion illusion conditions. The latter is in agreement with both Brang, Williams, and Ramachandran (2012) and Neufeld et al. (2012) while the former is not.
This finding is not merely a result on the difference of analysis; even though SDT shows our synesthete participants were neither more likely to respond in a biased way than controls, nor are they more susceptible to the illusions as measured by signal sensitivity change than controls, it is also apparent in the raw data on the fission illusion: Brang, Williams, and Ramachandran (2012) synesthetes exhibited a 89.5% fission illusion compared to our 64% and Neufeld et al. (2012) approximately 40%. The Brang, Williams, and Ramachandran (2012) figure represents a very high level of reporting of the illusion and raises the question of whether our synesthetes are inferior in some way. While we cannot rule out differences in between our participants and those of Brang, Williams, and Ramachandran (2012) nor Neufeld et al. (2012) with regards to the mechanisms that cause the synesthetic concurrents, both the Grapheme Colour Association Test scores for consistency of synesthetic experience (Eagleman et al., 2007) (N = 20, M = 0.73, S.E. = 0.07) and interviewing indicate that our synesthete participants experience reliable synesthetic experiences. This suggests that consistency of synesthetic experience may not be the cause of underlying differences between studies. Notably we also found no correlation between the synesthetes' GCAT score and the d 0 difference score for the fission illusion (N = 20, r = À0.198, p = 0.403) suggesting that the level of consistency in reporting synesthetic experiences is also not related to the extent to which the illusion is experienced. The GCAT does not measure the strength of the synesthetic experience however, so it is still possible that our synesthetes have experiences which are different to those participating in the study of Brang, Williams, and Ramachandran (2012) , and those in the study of Neufeld et al. (2012) . Individual differences between synesthetes have been shown to reliably exist and interviews with our synesthete participants indicate a heterogeneous group; for example some individuals report only one form (colour music synesthesia) and others had multiple synesthesia's including personification, and emotion to colour for example. This underlying heterogeneity might go some way explain the differences between the three studies.
The types of synesthetes assessed in the three studies may be different. In much of the synesthesia research synesthetic participants are treated as a rather homogenous group, wherein possessing the type of synesthesia under study is sufficient for inclusion and presence of any other type of synesthesia is not cause for exclusion. In this experiment we can split our synesthete by different subtypes. For example, we looked between a linguistic coloured hearing group in which atypical multimodal processing is triggered by words and a second sub type of non-linguistic coloured hearing group whose typical synesthetic processing is triggered by all sounds. In this case we would expect to see differences in SIFFI only between this latter subtype and controls rather than the broader group that participated in the experiment. However, we found no detectable differences between the performance of the non linguistic coloured-hearing synesthetes and synesthetes whose colouredhearing is induced only by linguistic units. Inspection of the d 0 differences between the baseline and both illusion conditions for the subtypes of synesthete participants are inconclusive. Differences between synesthetic subtypes may not be large enough to be detectable in this experiment or the subtypes we have examined may not be influential. Perhaps different subtype splits (projector vs. associator) could be useful. However, the more compelling problem is that the taxonomy of synesthesia needs further development.
Another reason for our lack of group difference could stem from the SIFFI conditions in our experiment not inducing the same mechanisms that induce the synesthetic experience. After showing early differences in the auditory ERPs between synesthetes and controls, Goller, Otten, and Ward (2009) compared the results of the synesthetes to results reported by other studies for both infants and the SIFFI and concluded that the differences seen in the early ERPs of auditory visual synesthetes in their auditory task, not only are quite different to their controls but also to those seen in (non synesthete) children and those reported in previous SIFFI experiments using non synesthetes. They suggested that the mechanisms that drive developmental synesthesia may be quite different to those which mediate multisensory illusions such as the SIFFI. In related experiments, we also tried to make the stimuli more pertinent to our linguistic coloured hearing synesthete participants (N = 9), so as to increase the induction of the illusion. We substituted a flashing white grapheme for the flashing white dot. Both fission and fusion illusions were induced in the synesthetes but the stimulus modification did not change synesthetes' level of susceptibility to the SIFFI. A result one might expect if the illusion and synesthesia are mediated by different mechanisms. In any case, we could not increase the illusion by making the stimuli more likely to induce synesthesia. A likely contributing factor to the differences between all three studies at this point however, appears to be the influence of age effects in the experience of the illusion by synesthetes as initially suggested by Neufeld et al. (2012) . Our secondary analysis of the data does support this view even after using quite conservative statistical approaches. We found a strong significant correlation between age and d 0 in the fission illusion condition, for synesthetes only, suggesting a decline in the illusion with age. We further investigated this result and found that this was significantly different to the relationship between age and d 0 for controls. In general, ageing does appear to have several effects on multisensory integration including, broadening the temporal window of integration, slowed peripheral sensory processing, and altering baseline sensory processing (Mozolic et al., 2012) . A very recent study of multisensory integration and ageing specifically using the SIFFI (DeLoss, Pierce, & Andersen, 2013) with an adult sample found that older participants benefitted from integrated information more than younger participants. While they reported that older participants were more susceptible to the illusion, (which appears the reverse of both the Neufeld et al. (2012) and our finding for synesthetes), the data is collapsed across all multisensory conditions in their experiment rather than reporting specific comparisons between groups on the fission illusion condition. A direct comparison is impossible. Moreover, like Neufeld et al. (2012) , we found no significant effect of age on the fission illusion condition in our control group, which would be expected if it was generally true that ageing influences the level of the SIFFI. This inconsistency needs further clarification and a larger sample size may be instructive here. Some insight may be garnered from the small number of studies using the SIFFI with children. Compared to adults, children report significantly more fission illusions (Innes-Brown et al., 2011) , even though the illusion does not appear to directly decline across different age groups (between 5-9yo, 10-14yo and 15-19yo) in a child sample (n = 38) (Tremblay et al., 2007) . It may be the case that both in children and in synesthetes multisensory integration is less selective. However with age multisensory integration broadens and increases, providing gains for the participant. While more detailed work needs to be done to illuminate the extent to which age directly influences multisensory integration in the SIFFI conditions in normal populations, there does appear to be some convergence in the literature on this issue.
While effects are reliably found in the fission illusion, they are not so forthcoming in the fusion illusion, with researchers achieving variable results, some obtaining the illusion (Andersen, Tiippana, & Sams, 2005; Mishra, Martinez, & Hillyard, 2008; and some not achieving the illusion at all (Innes-Brown & Crewther, 2009 ). In fact the original paper reporting these illusions also did not find a fusion effect (Shams, Kamitani, & Shimojo, 2000) . Researchers have suggested that the illusions may have different underlying causes (Andersen, Tiippana, & Sams, 2004; Innes-Brown et al., 2011; Neufeld et al., 2012) . Our results for fusion are consistent with the literature. We found an illusion effect but no group difference. However, only for the synesthetes we saw a small but not significant positive correlation with age in the fusion illusion condition. We also found that the relationship between age and d 0 fusion is significantly different between the groups. It will be left to future researchers to further unpack the question of whether the mechanism underlying both illusions is different and whether ageing influences them similarly.
An effect of ageing on synesthetic perception may also speak to the high level of variability in synesthesia research and the difficulty researchers have in the replication of previous studies. While more investigation is needed and specific attention to this aspect is required, researchers may need to be more aware or match specifically for age variations when undertaking certain types of experiments.
Conclusion
Our results do not support the general hypothesis that coloured-hearing synesthetes would be more susceptible to the illusion than controls. They do not provide any direct evidence for the cross-modal transfer theories of synesthesia, the disinhibitedfeedback theory of synaesthesia or the theories of failed differentiation. However, the results of all three studies taken together, may imply a changing trajectory for synesthetic experience and its relationship to multisensory integration over time or throughout development. The youngest cohort (mean age: 20.1yo) (Brang, Williams, & Ramachandran, 2012) experiencing the greatest number of illusions (89.5%), -a figure principally consistent with the number of illusions reported by children (Innes-Brown et al., 2011) -and the oldest cohort (mean age: 34.8yo) of Neufeld et al. (2012) experiencing the fewest (40%), with this cohort (mean age: 24yo) almost halfway between them (57%). This may suggest that for synesthetes while there is increased selectivity in early years this selectivity changes over time to become more inte- grated. This is a position which is consistent with the argument put forward by Spector and Maurer (2009) . This possibility opens opportunities for new research directions.
A developmental approach to understanding synesthesia may be inherently worthwhile. There is good reason to believe that synesthetic experiences and associations change over time and the trajectory of these changes would be of great interest. A number of our participants have reported that their coloured associations to letters for example have changed over the years, (albeit not frequently) and while the literature is focussed on consistency, it is rare that synesthetic associations are 100% consistent over time, or are reported as such (see Asher et al. (2006) and Simner et al. (2006) ). There are few studies of children in the synesthesia literature and also few longitudinal studies. These may well be fruitful areas for research. An understanding of the development of synesthetic perception will also benefit our understanding of normal perception (Spector & Maurer, 2009 ).
Whether synesthesia is the result of failed pruning, a lack of differentiation or cross wiring is still unclear from this study, however, what is becoming clearer is that the answer may depend on when, in a synesthete's development, one looks for the answer.
